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METHOD AND DEVICE FOR CALIBRATING 
MOBILE ROBUSTNESS OPTIMIZATION 

FUNCTION 

PRIORITY 

This nonprovisional application is a U.S. National Stage 
Filing under 35 U.S.C. S371 of International Patent Appli 
cation Serial No. PCT/CN2012/082618, filed Oct. 9, 2012, 
and entitled “METHOD AND DEVICE FOR CALIBRAT 
ING MOBILE ROBUSTNESS OPTIMIZATION FUNC 
TION. 

TECHNICAL FIELD 

The embodiments of the present invention generally relate 
to wireless communication, particularly to a method and 
device for calibrating mobile robustness optimization func 
tion for inter-cell handover. 

DESCRIPTION OF THE RELATED ART 

In Long Term Evolution (LTE) specification, mobility 
robustness optimization (MRO) is introduced to provide an 
approach to optimize handover parameters in cellular net 
work, with the target to improve the handover performance. 
The third Generation Partnership Project (3GPP) specifica 
tion TS36.300 v10.6.0 and 3GPP specification TS36.902 
v9.3.1 as examples of relevant LTE standards are incorpo 
rated by reference herein in their entirety. For a connected 
mode, by adjusting the handover parameter Such as an offset 
parameter indicative of a border of a cell-relation, the border 
of a cell-relation can be moved adaptively. The triggering of 
Such kind of auto-adjustment is the statistics of Some pre 
defined events in every evaluation period, including events 
of too-early handover, too-late handover, handover to wrong 
cell, whose definition can be found in Section 22.4.2.2 of 
3GPP specification TS36.300 v10.6.0. 

In scenarios when MRO works correctly, for the con 
cerned neighbor cell relation, the detected handover failures 
are classified as these pre-defined events and counted in 
evaluation periods. In the end of each evaluation period, 
these counts are calculated and evaluated. If some given 
criteria are satisfied, the adjustment of the handover param 
eter is decided. Such adjustment of the handover parameter 
can apply a fixed step for an enumerated set or variable 
length step, which may increase or decrease the specific 
handover parameter. By doing so, it is expected that the 
handover parameter could finally achieve the balance point 
where the handover performance is the best, and could be 
updated real time with the radio channel and network 
deployment variation. 

FIG. 1 shows an illustration about the relation between 
MRO function and handover failure ratio. The MRO func 
tion would adjust the handover parameter such as the offset 
indicative of a border of a cell-relation, based on the 
statistics of “too-early handover (HO) and “too-late HO' 
events. In the example of FIG. 1, the offset parameter can be, 
for example, an cell individual offset (CIO) or handover 
margin (HOM), wherein CIO is normally defined as the 
difference between the additive factor at neighbor cell and 
the additive factor at serving cell, while HOM is normally 
defined as the difference between the additive factor at 
serving cell and the additive factor at neighbor cell, which 
equals the minus value of CIO. 

With the increase of HOM value (i.e., the decrease of CIO 
value), the probability of too-early handover event would 
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2 
decrease, and on the contrary, the probability of too-late HO 
event would increase. And with the increase of HOM value, 
the curve of handover failure ratio would first decrease and 
then increase. 

Since the MRO function is based on the real-time statis 
tics in each limited-length evaluation period (e.g., 1 hour), 
there exists some chance that the counts of monitored events 
are not fixed. As shown in FIG. 1, the possible counts of 
too-early handover events and too-late handover events are 
within the scopes between two dashed curves, although their 
mean values follow the solid curve. Then, the possible offset 
parameter value (e.g., HOM/CIO values) lies in a scope 
between the two outmost intersections of the dashed curves, 
and the trace of the offset parameter value fluctuates around 
a center JO corresponding to the intersection of the two solid 
curves. This phenomenon can be referred as to “offset 
fluctuation'. 
The object of MRO is to optimize the handover setting so 

that the handover performance, such as the Smallest han 
dover failure ratio, can be achieved. Therefore, when MRO 
function is set correctly, the bottom point of handover failure 
ratio curve should correspond to the intersection of “too 
early HO' curve and “too-late HO' curve. Only in this way, 
the handover failure ratio can be minimized in offset fluc 
tuation. 

However, partially because the initial parameter configu 
ration or the used detection method may not good enough, 
and partially because that the radio channel and network 
deployment vary greatly, especially in heterogeneous net 
work (Such as pico cell, femto cell, relay cell). Some errors 
or out-date in MRO functionality are turned out, and hence 
the handover parameter generated by MRO may exist a 
certain deviation to the optimal one, here referred as to 
“MRO deviation”. In theses cases, MRO is possibly notable 
to provide enhancement to the handover performance, or 
even take negative effects, such as increasing handover 
failure ratio. 

Therefore, it is desired to provide a solution for the 
calibrating MRO for inter-cell handover. 

SUMMARY OF THE INVENTION 

To solve the problems in the prior art, one or more method 
and apparatus embodiments according to the present inven 
tion aim to provide a solution for the calibrating mobile 
robustness optimization function for inter-cell handover. 

According to an aspect of the present invention, an 
embodiment of the present invention provides a method for 
calibrating mobile robustness optimization function for 
inter-cell handover. The method comprises: detecting 
mobile robustness optimization deviation; calibrating the 
mobile robustness optimization function by compensating 
the detected mobile robustness optimization deviation. In an 
embodiment of the present invention, the mobile robustness 
optimization deviation can be detected by comparing a 
fluctuation center of an offset parameter indicative of a 
border of a cell-relation and a value of the offset parameter 
enabling handover failure ratio to be minimized. 

According to an aspect of the present invention, an 
embodiment of the present invention provides a method for 
calibrating mobile robustness optimization function for 
inter-cell handover. The method comprises: receiving from 
a source base station of handover a message indicative of 
reasons of mobile robustness optimization deviation; and 
calibrating the mobile robustness optimization function by 
adjusting a timing threshold for storing user equipment 
context based on the received reasons of mobile robustness 
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optimization deviation. In an embodiment of the present 
invention, the mobile robustness optimization deviation is 
detected by the Source base station by comparing a fluctua 
tion center of an offset parameter indicative of a border of a 
cell-relation and a value of the offset parameter enabling 
handover failure ratio to be minimized. 

According to an aspect of the present invention, an 
embodiment of the present invention provides an apparatus 
for calibrating mobile robustness optimization function for 
inter-cell handover. The apparatus comprises: detecting unit 
configured to detect mobile robustness optimization devia 
tion; calibrating unit configured to calibrate said mobile 
robustness optimization function by compensating the 
detected mobile robustness optimization deviation. In an 
embodiment of the present invention, the detecting unit can 
compare a fluctuation center of an offset parameter indica 
tive of a border of a cell-relation and a value of the offset 
parameter enabling handover failure ratio to be minimized, 
So as to detect the mobile robustness optimization deviation. 

According to an aspect of the present invention, an 
embodiment of the present invention provides an apparatus 
for calibrating mobile robustness optimization function for 
inter-cell handover. The apparatus comprises: receiving unit 
configured to receive from a source base station of handover 
a message indicative of reasons of mobile robustness opti 
mization deviation; and calibrating unit configured to cali 
brate the mobile robustness optimization function by adjust 
ing a timing threshold for storing user equipment context 
based on the received reasons of mobile robustness optimi 
zation deviation. In an embodiment of the present invention, 
the mobile robustness optimization deviation is detected by 
the source base station by comparing a fluctuation center of 
an offset parameter indicative of a border of a cell-relation 
and a value of the offset parameter enabling handover failure 
ratio to be minimized. 

According to an aspect of the present invention, an 
embodiment of the present invention provides abase station. 
The base station comprises an apparatus for calibrating 
mobile robustness optimization function for inter-cell han 
dover according to the various embodiments of the present 
invention. 

According to one or more embodiments of the present 
invention, the mobile robustness optimization deviation can 
be detected in real time and compensated automatically, and 
therefore the inaccuracy and out-date for manual configu 
ration can be avoided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Inventive features regarded as the characteristics of the 
present invention are set forth in the appended claims. 
However, the present invention, its implementation mode, 
other objectives, features and advantages will be better 
understood through reading the following detailed descrip 
tion on the exemplary embodiments with reference to the 
accompanying drawings, where in the drawings: 

FIG. 1 schematically illustrates the relation between 
MRO function and handover failure ratio: 

FIGS. 2A and 2B schematically illustrate MRO deviations 
emerged in MRO parameter configuration or algorithm 
application; 

FIG. 3 schematically illustrates the relation between 
MRO function and handover failure ratio with MRO devia 
tion being calibrated according to embodiments of the 
present invention; 
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4 
FIG. 4 schematically illustrates an exemplary flow chart 

of a method for calibrating mobile robustness optimization 
function for inter-cell handover according to an embodiment 
of the present invention; 

FIG. 5 schematically illustrates an exemplary flow chart 
of a processing performed in a target base station of han 
dover according to an embodiment of the present invention. 

FIG. 6 schematically illustrates a block diagram of a base 
station according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Hereinafter, embodiments of the present invention will be 
described with reference to the accompanying drawings. In 
the following description, many specific details are illus 
trated so as to understand the present invention more com 
prehensively. However, it is apparent to the skilled in the art 
that implementation of the present invention may not have 
these details. Additionally, it should be understood that the 
present invention is not limited to the particular embodi 
ments as introduced here. For example, the embodiments of 
the present invention are not limited to be implemented in a 
heterogeneous network or a homogeneous network. On the 
contrary, any arbitrary combination of the following features 
and elements may be considered to implement and practice 
the present invention, regardless of whether they involve 
different embodiments. Thus, the following aspects, fea 
tures, embodiments and advantages are only for illustrative 
purposes, and should not be understood as elements or 
limitations of the appended claims, unless otherwise explic 
itly specified in the claims. 

Although MRO function is introduced to optimize the 
handover setting so as to enhance the handover performance, 
Some possible deviations might emerge in MRO parameter 
configuration or algorithm application, which would lead to 
worse handover performance. FIGS. 2A and 2B schemati 
cally illustrate possible MRO deviations in different circum 
StanceS. 

In one circumstance, missing “too-late HO' event or 
“too-early HO' event in statistics may lead to undesired 
MRO deviations. 
As shown in FIG. 2A, if some “too-late HO' events are 

missed, e.g. because the timing threshold (denoted as 
T, , ), at a Source base station of handover, for 
judging whether a “too-late HO” event is detected is con 
figured too small, the curve of too-late HO count vs. Offset 
would get lower (represented by dashed-dot line), resulting 
in the intersection of the mean value of “too-early HO' 
curve and the mean value of “too-late HO' curve (in the 
following context, this is called as the Intersection) being 
shifted to right, and hence the offset fluctuation center gets 
larger. 
On the contrary, if some “too-early HO' events are 

missed, e.g. because the timing threshold (denoted as 
T, ), at a source base station of handover, for 
judging whether a "too-early HO' event is detected or the 
timing threshold (denoted as T. ), at a target base 
station, for storing user equipment context is configured too 
small, the curve of too-early HO count vs. Offset would get 
lower (represented by dashed-dot line), resulting in the 
Intersection being shifted to left, and hence the offset 
fluctuation center gets Smaller. 

In another circumstance, false recognizing “too-late HO' 
event or “too-early HO' event in statistics may also lead to 
undesired MRO deviations. 
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As shown in FIG. 2B, if some “too-late HO' events are 
false recognized, e.g. because the timing threshold 
T. e. e., at a source base station is configured too large, 
the curve of too-late HO count vs. Offset would get higher 
(represented by dashed-dot line), resulting in the Intersec 
tion being shifted to left, and hence the offset fluctuation 
center gets Smaller. 
On the contrary, if some too-early HO events are false 

recognized, e.g. because the timing threshold T. 
at a source base station or the timing threshold T , , 
at a target base station is configured too large, the curve of 
too-early HO count vs. Offset would get higher (represented 
by dashed-dot line), resulting in the Intersection being 
shifted to right, and hence the offset fluctuation center gets 
larger. 

In the above-identified circumstances of MRO deviations, 
the offset fluctuation center is deviated, but the HO failure 
ratio curve is remained. This makes the offset fluctuation 
center no longer correspond to the bottom point of HO 
failure ratio curve, and hence more HO failure cases would 
happen. 

The embodiments of the present invention provide a 
mechanism for calibrating MRO function for inter-cell han 
dover so as to compensate MRO deviation when it appears 
and therefore avoid handover performance deterioration. 

FIG. 3 schematically illustrates the relation between 
MRO function and handover failure ratio with MRO devia 
tion being calibrated according to embodiments of the 
present invention. With reference to FIG. 3, the basic 
principle of embodiments of the present invention will be set 
forth by a way of example. 
The optimal handover parameter such the offset parameter 

indicative of a border of a cell-relation depends on the 
network deployment and radio propagation environment. In 
practice, the network deployment might be changed accord 
ing to different service requirement, in a static and burst pace 
for the fixed network infrastructure or in a dynamic and 
continual pace for the moving network infrastructure. On the 
other hand, the radio propagation environment might also 
vary in real time, especially in the dense urban area. All 
these factors contribute to the variance of the optimal 
handover parameter which should lead to the best handover 
performance. It can be expected that the value of the offset 
parameter with the smallest handover failure ratio would 
vary with time. 
When MRO function works correctly, the actual used 

value of the offset parameter, driven by MRO functionality, 
would fluctuate around the point with the smallest handover 
failure ratio as previously discussed. This is essentially a 
dynamic balance process, which enables the configuration of 
the offset parameter to track the variance of network deploy 
ment and radio propagation environment. 

However, the suitable MRO function is also influenced by 
the real-time network scenarios. For example, if the inter 
ference situation becomes serious and the Random Access 
Channel (RACH) resource becomes more competitive, the 
RRC Connection Re-establishment procedure, which is a 
key step in MRO function, would consume more latency, 
and thus the event detection criteria applied in MRO func 
tion becomes relatively over-strict, and some events might 
be missed as shown in FIG. 2A. On the contrary, when the 
radio situation turns better, the event detection criteria 
applied in MRO function becomes relatively under-strict, 
and Some events might be false recognized as shown in FIG. 
2B. 
When MRO function works incorrectly, including miss 

ing some events or false recognizing some events, the actual 
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6 
used value of the offset parameter would fluctuate around a 
point higher or lower than the point with the smallest 
handover failure ratio. In this regard, as shown in FIG. 3, in 
stage 1, it can be observed that the fluctuation center (Point 
D) does not correspond to the point with the global smallest 
handover failure ratio (Point C), neither correspond to the 
point with the regional smallest handover failure ratio 
among all the observable values of the offset parameter (the 
segment between Point A and Point B). It is intended to 
detect this mismatch, i.e., MRO deviation, so that the 
fluctuation center of the offset parameter could tend to the 
point with the smallest handover failure ratio, as shown in 
stage 2. 

In the time period including stage 1 and stage 2, it is 
assumed that the relation between handover failure ratio and 
the offset parameter is constant and can be obtained, and 
then the MRO function including parameters and algorithms 
are calibrated by this relation. Once the MRO function 
works correctly, it has the capability to track the variation of 
relation between the handover failure ratio and the offset 
parameter, as shown in stage 3. 
On one hand, in a short time dimension, for example, in 

stage 1, the relation of handover failure ratio vs. Offset 
parameter is approximately constant, and hence the potential 
MRO deviation, either caused by the initial configuration or 
the network scenario variation, can be calibrated by com 
parison between the fluctuation center (point D) of the offset 
parameter and the value (point B) of the offset parameter 
enabling the handover failure ratio to be minimized. 
On the other hand, in a long time dimension, for example, 

from stage 2 to stage 3, the calibrated MRO function can 
capture the variation of the relation of handover failure ratio 
vs. Offset parameter. This provides automatic optimization 
to handover parameters in the change of cell deployment and 
radio propagation environment. 

If the relation of handover failure ratio vs. Offset param 
eter changes before the MRO deviation is corrected com 
pletely (not shown in FIG. 3), the MRO function would still 
drive the offset parameter to follow the trend of relation, 
though with a certain deviation. Then, after the change of 
relation pauses, the correction of MRO deviation can be 
continued until the MRO function is fully calibrated. 
Now, various embodiments of the present invention will 

be described in details in conjunction with FIGS. 4-6. 
FIG. 4 schematically illustrates a flow chart of a method 

for calibrating MRO function for inter-cell handover accord 
ing to an embodiment of the present invention. 

Referring to FIG. 4, in step S410, MRO deviation is 
detected at a source base station of handover by comparing 
a fluctuation center of an offset parameter indicative of a 
border of a cell-relation and a value of the offset parameter 
enabling handover failure ratio to be minimized. 

According to an embodiment of the present invention, the 
Source base station may calculate the fluctuation center of 
the offset parameter, for example, the HOM fluctuation 
center, in real time by monitoring an actual usage trace of the 
offset parameter. In an implementation, the fluctuation cen 
ter can be calculated by applying the mean value of a sliding 
window with a predefined length. 

It should be appreciated that the offset parameter can be, 
for example, CIO or HOM, wherein CIO is normally defined 
as the difference between the additive factor at neighbor cell 
and the additive factor at serving cell, while HOM is 
normally defined as the difference between the additive 
factor at serving cell and the additive factor at neighbor cell. 
Although HOM or -CIO is taken as an example herein to 
illustrate one or more embodiments of the present invention 
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without any loss of generality, those skilled in the art may 
appreciate that in Some other embodiments of the present 
invention, any other Suitable parameter, which is indicative 
of a border of a cell-relation for inter-cell handover, can also 
be employed to meet specific practical requirements. 

According to an embodiment of the present invention, the 
source base station may determine the value of the offset 
parameter, for example, the HOM value, enabling the han 
dover failure ratio to be minimized by counting the handover 
failure ratio at each enumerated HOM value. In an exem 
plary implementation, for every enumerated HOM value, 
e.g., -20 dB to +20 dB with step 1 dB, a counter may be 
maintained which records the handover failure ratio when 
HOM equals this value. It can be appreciated that determin 
ing the HOM with the smallest handover failure ratio would 
not introduce much additional complexity, which only 
requires to link the handover failure ratio to the HOM values 
in each evaluation period, as counting the handover failure 
ratio is one of systematic performance management metrics. 
If the cell deployment and radio propagation environment 
are not changed, the handover failure ratio at each HOM 
value will be kept constant. Therefore, the HOM value with 
the smallest handover failure rate is fixed. By tracking the 
HOM value fluctuation, the handover failure ratios for those 
experienced HOM values can be obtained and updated. 

According to an embodiment of the present invention, in 
order to detect MRO deviation, the source base station may 
deduce reasons of the MRO deviation based on whether the 
HUM fluctuation center is smaller or larger than the HOM 
value enabling the handover failure ratio to be minimized. 

In an implementation of the present invention, the com 
parison operation can apply some specific criteria, for 
example: 

periodically: a repetitive fixed-length period can be pre 
defined and the comparison is taken place at the end of 
each period; 

threshold-based: a threshold can be predefined in terms of 
the comparison distance. Only when the difference 
amplitude between the HOM fluctuation center and the 
HOM value with the smallest handover failure rate 
exceeds the predefined threshold, in direction of either 
positive or negative, the detected deviation can be 
admitted. In this way, inaccuracy of the monitoring and 
counting operations are taken into account, avoiding 
false-alarm results. 

If the HOM fluctuation center is smaller than the deter 
mined HOM value enabling said handover failure ratio to be 
minimized, it can be deduced that the reasons of the MRO 
deviation comprise any of missing too-early handover 
events, missing handover to wrong cell events, or false 
recognizing too-late handover events. 

If the HOM fluctuation center is larger than the deter 
mined HOM value enabling said handover failure ratio to be 
minimized, it can be deduced that the reasons of the MRO 
deviation comprise any of missing too-late handover events, 
false recognizing too-early handover events, or false recog 
nizing handover to wrong cell events. 

It should note that it is possible that whole curve of 
handover failure ratio vs. HOM cannot be obtained when the 
comparison is performed. For example, if only a segment of 
curve of handover failure ratio vs. HOM is obtained, and this 
segment does not contain the point with the global Smallest 
handover failure ratio, then the fluctuation center and the 
HOM value with the observed (regional) smallest HO failure 
rate still exist a certain deviation, by which the correspond 
ing MRO deviation can be detected. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
At step S420, the MRO function is calibrated by com 

pensating the detected MRO deviation. Specifically, MRO 
parameters and/or MRO algorithms can be adjusted accord 
ing to the deduced reasons of the MRO deviation. 

In the embodiments of the present invention where the 
MRO parameters are adjusted, the source base station may 
choose 1) to adjust its own MRO parameters trying to 
eliminate the MRO deviation; and/or 2) to notify (S415) a 
target base station of handover of the deduced reasons of the 
MRO deviation so that the target base station could take 
actions to compensate its MRO function. The additional or 
alternative processing performed in the target base station is 
illustrated in FIG. 5 and will be discussed hereafter. 

According to an embodiment of the present invention, if 
the deduced reasons of the MRO deviation is any of missing 
too-early handover events, missing handover to wrong cell 
events, or false recognizing too-late handover events, then 
the Source base station may increase the timing threshold 
T. . . which is between connection failure occur 
ring shortly after a Successful handover from a source cell to 
a target cell or during a handover and user equipment 
attempting to re-establish the radio link connection in the 
Source cell, for judging whether a too-early handover event 
is detected, and/or decreasing the timing threshold 
T, which is between connection failure occur 
ring in said source cell before the handover was initiated or 
during a handover and UE attempting to re-establish the 
radio link connection in said target cell or in a cell that is not 
said source cell, for judging whether a too-late handover 
event is detected. 

Alternatively or additionally, in the condition that the 
deduced reasons of the MRO deviation is any of missing 
too-early handover events, missing handover to wrong cell 
events, or false recognizing too-late handover events, the 
source base station may choose to notify (S415) the target 
base station of handover of the reasons of the MRO devia 
tion so as to cause said target base station of handover to 
increase the timing threshold T. for storing user 
equipment context. In an implementation of the present 
invention, the source base station may send to the target base 
station of handover a message indicative of the deduced 
reasons of the MRO deviation according to LTE X2 Appli 
cation Protocol. 

FIG. 5 illustrates an exemplary flow chart of an additional 
or alternative processing performed in a target base station 
of handover according to an embodiment of the present 
invention. 
As shown in FIG. 5, in step S510, the target base station 

receives a message indicative of the deduced reasons of the 
MRO deviation notified by the source base station. In 
response to the received reasons of the MRO deviation being 
any of missing too-early handover events, missing handover 
to wrong cell events, or false recognizing too-late handover 
events, in step S520, the target base station may increase the 
timing threshold T for storing user equipment 
context so as to compensate at least part of the determined 
MRO deviation. 

Returning to FIG. 4, in step S420, according to an 
embodiment of the present invention, if the deduced reasons 
of the MRO deviation is any of missing too-late handover 
events, false recognizing too-early handover events, or false 
recognizing handover to wrong cell events, the Source base 
station may decrease the timing threshold T. for 
judging whether a too-early handover event is detected 
and/or increasing the timing threshold T. for 
judging whether a too-late handover event is detected. 
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Alternatively or additionally, in the condition that the 
deduced reasons of the MRO deviation is any of missing 
too-late handover events, false recognizing too-early han 
dover events, or false recognizing handover to wrong cell 
events, the source base station may choose to notify (S415) 
the target base station of handover of the reasons of the 
MRO deviation so as to cause the target base station of 
handover to decrease the timing threshold T. for 
storing user equipment context. In an implementation of the 
present invention, the source base station may send to the 
target base station of handover a message indicative of the 
deduced reasons of the MRO deviation according to LTEX2 
Application Protocol. 

Referring to FIG. 5 again, in step S510, the target base 
station receives a message indicative of the deduced reasons 
of the MRO deviation notified by the source base station. In 
response to the received reasons of the MRO deviation being 
any of missing too-late handover events, false recognizing 
too-early handover events, or false recognizing handover to 
wrong cell events, the target base station may decrease, in 
step S530, the target base station may decrease the timing 
threshold T for storing user equipment context so 
as to compensate at least part of the detected MRO devia 
tion. 

To sum up, Table. 1 shows how these timing thresholds 
could be adjusted for different deduced reasons for the MRO 
deviation. 

Comparison Solutions 

Result Deviation reason At source BS At target BS 

le Missing too-early Increasing Increasing 
HOM fluctuation HO events, missing Tea early detect Tsare e cine, 
center is smaller HO to wrong cell decreasing 
han the HOM events, or false Too late detect 

value with the recognizing too 
Smallest HO late HO events 
ailure ratio 
he HOM Missing too-late Increasing decreasing 
fluctuation HO events, false Too late detect Tstore ue ontxt 
center is larger recognizing too- decreasing 
han the HOM early HO events, Too early detect 

value with the or false rec 
Smallest HO ognizing HO to 
ailure ratio wrong cell events 

As shown in FIG. 1, one or more of the timing thresholds 
need to be adjusted incrementally or degressively to com 
pensate the detected MRO deviation. Those skilled in the art 
may employ various customary technical means to perform 
specific adjustment as desired. For example, adjustment 
steps, adjustment period may be predefined for the step of 
increasing and/or decreasing a timing threshold. When the 
MRO deviation is detected within an adjustment period, 
then the corresponding timing threshold(s) can be increased/ 
decreased by the predefined adjustment steps. Such adjust 
ment procedure may be performed recursively until the 
detected MRO deviation is compensated. Those skilled in 
the art may further define any advanced criteria/rules for the 
adjustment procedure to make the MRO deviation calibra 
tion meet practical requirements. Indeed, how to design a 
practical and exercisable adjustment procedure for calibrat 
ing the detected MRO deviation belongs to implementation 
issues in the art and will not be set forth in details herein. 

In addition, those skilled in the art may perform the 
compensation of MRO deviation in a direct or indirect way 
by adjusting any other suitable MRO parameters and/or 
MRO algorithms. 
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10 
For example, according to an embodiment of the present 

invention, the source base station may alternatively adjust 
weights and other thresholds which are used in MRO 
function to evaluate and trigger the HOM variation. 

According to another embodiment of the present inven 
tion, the source base station may alternatively adjust Ran 
dom. Access Channel (RACH) parameters so that the MRO 
events can satisfy the existing MRO rule, by which the MRO 
deviation can be indirectly compensated. 

Returning to FIG. 4, the source base station executes 
(S430) the MRO function that has been calibrated according 
to an embodiment of the present invention. 
The processing proceeds with step S410 to detect whether 

there is any further MRO deviation. 
The processing of MRO function calibration according to 

the various embodiments of the present invention has been 
depicted in detail with reference to FIGS. 4 and 5. 

It should be noted that the above depiction is only 
exemplary, not intended for limiting the present invention. 
In other embodiments of the present invention, this method 
may have more, or less, or different steps, and numbering the 
steps is only for making the depiction more concise and 
much clearer, but not for Stringently limiting the sequence 
between each steps; while the sequence of steps may be 
different from the depiction. For example, in some embodi 
ments, the above one or more optional steps may be omitted. 
Specific embodiment of each step may be different from the 
depiction. All these variations fall within the spirit and scope 
of the present invention. 

FIG. 6 schematically illustrates a block diagram of a 
Source base station according to an embodiment of the 
present invention. 
As shown in FIG. 6, a base station 600 may comprise an 

apparatus for a MRO function calibration 610, a MRO 
function module 620 and a handover control module 630. 
The base station 600 may serve one or more cells and may 

be capable of acting as a source base station or a target base 
station, or even both (e.g., in the case that the source cell and 
target cell belonging to the same base station 600) during 
inter-cell handover. 

It is understood that in the base station 600, the MRO 
function module 620 and the handover control module 630 
are legacy modules, which may operate in a way well known 
in the prior art, for example, in accordance with 3GPP 
specification TS36.300 v10.6.0 and 3GPP specification 
TS36.902 v9.3.1. The MRO function module 620 may 
receive emerging RRC messages and X2AP messages, and 
deliver the determined handover parameters, such as the 
offset parameter indicative of a border of a cell-relation like 
HOM, CIO etc., to the handover control module 630, while 
the handover control module 630 may receive the handover 
parameters, and deliver the monitored RRC messages and 
X2AP messages to the MRO function module 620. The 
MRO parameters, such as the timing thresholds used in 
event detection, may be initially configured and kept Sub 
stantially constant in the MRO function module 620. 
The apparatus for MRO function calibration 610 may 

obtain the handover parameter Such as the offset parameters 
indicative of a border of a cell-relation like HOM, CIO etc. 
from the MRO function module 620 and the handover 
failure ratio from the handover control module 630, and 
deliver the updated MRO parameters to MRO function 
module so as to compensate MRO deviation. The apparatus 
for MRO function calibration 610 may be designed to obey 
the legacy rule of MRO and handover control, and hence is 
perfectly compatible with the legacy MRO function and 
consumes acceptable complexity. 
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According to an embodiment of the present invention, the 
apparatus for MRO function calibration 610 may comprise 
a detecting unit 612 and a calibrating unit 611. The detecting 
unit 612 can be configured to detect MRO deviation by 
comparing a fluctuation center of an offset parameter indica 
tive of a border of a cell-relation and a value of the offset 
parameter enabling handover failure ratio to be minimized. 
The calibrating unit 611 can be configured to calibrate the 
MRO function by compensating the detected MRO devia 
tion. 

The apparatus for MRO function calibration 610 may 
further comprises a calculating unit (not shown in the FIG. 
6). The calculating unit can be configured to calculate the 
fluctuation center of the offset parameter in real time by 
monitoring an actual usage trace of the offset parameter 
obtained from the MRO function module 620. The calcu 
lating unit may be also configured to determine the value of 
the offset parameter enabling the handover failure ratio to be 
minimized by counting said handover failure ratio at each 
enumerated value of the offset parameter. 

According to an embodiment of the present invention, the 
detecting unit 612 can be further configured to deduce 
reasons of the MRO deviation based on whether the fluc 
tuation center of the offset parameter indicative of a border 
of a cell-relation is smaller or larger than the value of the 
offset parameter enabling said handover failure ratio to be 
minimized. In an embodiment of the present invention, if the 
fluctuation center of the offset parameter indicative of a 
border of a cell-relation is smaller than the value of the offset 
parameter enabling said handover failure ratio to be mini 
mized, the detecting unit 612 may deduce that the reasons of 
the MRO deviation comprise any of missing too-early 
handover events, missing handover to wrong cell events, or 
false recognizing too-late handover events. Otherwise, if 
said fluctuation center of said offset parameter indicative of 
a border of a cell-relation is larger than said value of said 
offset parameter enabling said handover failure ratio to be 
minimized, the detecting unit 612 may deduce that the 
reasons of the MRO deviation comprise any of missing 
too-late handover events, false recognizing too-early han 
dover events, or false recognizing handover to wrong cell 
eVentS. 

The calibrating unit 611 is configured to adjust MRO 
parameters and/or MRO algorithms according to the reasons 
of the MRO deviation deduced by the detecting unit 612. 

According to an embodiment of the present invention, the 
calibrating unit 611 is configured to adjust MRO parameters. 
In response to the reasons of the MRO deviation being 
deduced by the detecting unit 612 as any of missing too 
early handover events, missing handover to wrong cell 
events, or false recognizing too-late handover events, the 
calibrating unit 611 can be configured to increase a timing 
threshold for judging whether a too-early handover event is 
detected, and/or decreasing a timing threshold for judging 
whether a too-late handover event is detected at said source 
base station of handover. 

Additionally or alternatively, the apparatus for MRO 
function calibration 610 may further comprise a notifying 
unit 613. In response to the reasons of the MRO deviation 
being deduced by the detecting unit 612 as any of missing 
too-early handover events, missing handover to wrong cell 
events, or false recognizing too-late handover events, the 
notifying unit 613 may be configured to notify a target base 
station of handover of the reasons of the MRO deviation, so 
as to cause a target base station of handover to increase a 
timing threshold for storing user equipment context. In an 
implementation of the present invention, the notifying unit 
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12 
613 may send to the target base station of handover a 
message according to LTE X2 Application Protocol to 
indicate the deduced reasons of the MRO deviation. 

In response to the reasons of the MRO deviation being 
deduced by the detecting unit 612 as any of missing too-late 
handover events, false recognizing too-early handover 
events, or false recognizing handover to wrong cell events, 
the calibrating unit 611 is configured to decrease the timing 
threshold for judging whether a too-early handover event is 
detected and/or increasing the timing threshold for judging 
whether a too-late handover event is detected at the source 
base station of handover. 

Additionally or alternatively, in response to the reasons of 
the MRO deviation being deduced by the detecting unit 612 
as any of missing too-late handover events, false recogniz 
ing too-early handover events, or false recognizing handover 
to wrong cell events, the notifying unit 613 can be config 
ured to notify a target base station of handover of the reasons 
of the MRO deviation, so as to cause the target base station 
of handover to decrease the timing threshold for storing user 
equipment context. In an implementation of the present 
invention, the notifying unit 613 may send to the target base 
station of handover a message according to LTE X2 Appli 
cation Protocol to indicate the deduced reasons of the MRO 
deviation. 

According to an embodiment of the present invention, the 
base station 600 may further comprise a receiving unit 640. 
When the base station 600 is acting as a target base station 
in a handover procedure, it is possible that the receiving unit 
640 receives a massage from the source base station of the 
handover procedure, indicative of the reasons of MRO 
deviation deduced by the source base station. In this regard, 
in response to the received reasons of the MRO deviation 
being any of missing too-early handover events, missing 
handover to wrong cell events, or false recognizing too-late 
handover events, the calibrating unit 611 of the apparatus for 
MRO function calibration 610 may increase a timing thresh 
old for storing user equipment context So as to compensate 
at least part of the determined MRO deviation. Otherwise, in 
response to the received reasons of the MRO deviation being 
any of missing too-late handover events, false recognizing 
too-early handover events, or false recognizing handover to 
wrong cell events, the calibrating unit 611 of the apparatus 
for MRO function calibration 610 may decrease the timing 
threshold for storing user equipment context So as to com 
pensate at least part of the MRO deviation. 

Here, the base station 600 as illustrated in FIG. 6 is 
described with the modules or components which are most 
relevant to the embodiments of the present invention. How 
ever, those skilled in the art can appreciate that the base 
station 600 also comprises other modules and components 
for performing the functionality of cellular communication, 
including antennas; transceiver (having a transmitter (TX) 
and a receiver (RX)); processors such as one or more of 
general purpose computers, special purpose computers, 
microprocessors, digital signal processors (DSPs) and pro 
cessors based on multi-core processor architecture; memory 
module of any type suitable to the local technical environ 
ment and implemented using any Suitable data storage 
technology, etc. Those modules or components are well 
known in the art and the description thereof is omitted for 
the purpose of conciseness. 

According to one or more embodiments of the present 
invention, the solution for the calibrating MRO function for 
inter-cell handover are provided to automatically detect and 
compensate the MRO deviation, avoiding the inaccuracy 
and out-date for manual configuration. 
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Advantageously, the newly introduced functionality of 
MRO function calibration according to one or more embodi 
ments of the present invention is capable of following the 
existing MRO standardization specification and implemen 
tation designs. Therefore, it can be utilized in practical 
systems in a compatible way. 

In one or more embodiments of the present invention, 
compensation is taken only at a source base station. In this 
regard, no extra X2AP messages are required, and hence no 
more standardization effort is needed. In yet another one or 
more embodiments of the present invention, compensation 
may be additionally or alternatively taken at a neighbor base 
station, which is acting as a target base station of handover. 
In this regard, new X2AP messaging is required, which may 
or may not need to be standardized in 3GPP. 

In general, the various exemplary embodiments may be 
implemented in hardware or special purpose circuits, soft 
ware, logical or any combination thereof. For example, 
Some aspects may be implemented in hardware, while other 
aspects may be implemented in firmware or software which 
may be executed by a controller, microprocessor or other 
computing device, although the invention is not limited 
thereto. While various aspects of the exemplary embodi 
ments of this invention may be illustrated and described as 
block and signaling diagrams, it is well understood that these 
blocks, apparatus, Systems, techniques or methods described 
herein may be implemented in, as non-limiting examples, 
hardware, Software, firmware, special purpose circuits or 
logical, general purpose hardware or controller or other 
computing devices, or some combination thereof. 
As such, it should be appreciated that at least some 

aspects of the exemplary embodiments of the inventions 
may be practiced in various components such as integrated 
circuit chips and modules. As well known in the art, the 
design of integrated circuits is by and large a highly auto 
mated process. 
The present invention may also be embodied in the 

computer program product which comprises all features 
capable of implementing the method as depicted herein and 
may implement the method when loaded to the computer 
system. 
The present invention has been specifically illustrated and 

explained with reference to the preferred embodiments. The 
skilled in the art should understand various changes thereto 
in form and details may be made without departing from the 
spirit and scope of the present invention. 

What is claimed is: 
1. A method for calibrating mobile robustness optimiza 

tion for inter-cell handover, comprising: 
detecting mobile robustness optimization deviation by: 

comparing a fluctuation center of an offset parameter 
indicative of a border of a cell-relation and a value of 
said offset parameter enabling handover failure ratio 
to be minimized, wherein said fluctuation center is 
calculated by a source base station in real time by 
monitoring an actual usage trace of said offset 
parameter; 

deducing reasons of said mobile robustness optimiza 
tion deviation based on whether said fluctuation 
center is Smaller or larger than said value of said 
offset parameter, 

wherein said reasons comprise any of missing too-early 
handover events, missing handover to wrong cell 
events, or false recognizing too-late handover 
events, if said fluctuation center is Smaller than said 
value of said offset parameter, and 
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14 
wherein said reasons comprise any of missing too-late 

handover events, false recognizing too-early han 
dover events, or false recognizing handover to wrong 
cell events, if said fluctuation center is larger than 
said value of said offset parameter; and 

calibrating said mobile robustness optimization function 
by compensating the detected mobile robustness opti 
mization deviation. 

2. The method according to claim 1, further comprising: 
determining said value of said offset parameter enabling 

said handover failure ratio to be minimized by counting 
said handover failure ratio at each enumerated value of 
said offset parameter. 

3. The method according to claim 1, wherein the step of 
calibrating said mobile robustness optimization function 
comprising: 

adjusting mobile robustness optimization parameters and/ 
or mobile robustness optimization algorithms accord 
ing to said reasons of said mobile robustness optimi 
Zation deviation. 

4. The method according to claim 3, wherein the step of 
adjusting said mobile robustness optimization parameters 
comprising: 

if said reasons of said mobile robustness optimization 
deviation is deduced as any of missing too-early han 
dover events, missing handover to wrong cell events, or 
false recognizing too-late handover events, then 
increasing a first timing threshold for judging whether 
a too- early handover event is detected, and/or decreas 
ing a second timing threshold for judging whether a 
too-late handover event is detected at said source base 
station of handover. 

5. The method according to claim 3, wherein the step of 
adjusting said mobile robustness optimization parameters 
comprising: 

if said reasons of said mobile robustness optimization 
deviation is deduced as any of missing too-early han 
dover events, missing handover to wrong cell events, or 
false recognizing too-late handover events, then noti 
fying a target base station of handover of said reasons 
of said mobile robustness optimization deviation so as 
to cause said target base station of handover to increase 
a third timing threshold for storing user equipment 
COInteXt. 

6. The method according to claim 3, wherein the step of 
adjusting said mobile robustness optimization parameters 
comprising: 

if said reasons of said mobile robustness optimization 
deviation is deduced as any of missing too-late han 
dover events, false recognizing too-early handover 
events, or false recognizing handover to wrong cell 
events, then decreasing a first timing threshold for 
judging whether a too-early handover event is detected 
and/or increasing a second timing threshold for judging 
whether a too-late handover event is detected at said 
Source base station of handover. 

7. The method according to claim 3, wherein the step of 
adjusting said mobile robustness optimization parameters 
comprising: 

if said reasons of said mobile robustness optimization 
deviation is deduced as any of missing too-late han 
dover events, false recognizing too-early handover 
events, or false recognizing handover to wrong cell 
events, then notifying a target base station of handover 
of said reasons of said mobile robustness optimization 
deviation so as to cause said target base station of 
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handover to decrease a third timing threshold for stor 
ing user equipment context. 

8. The method according to claim 5, wherein the step of 
notifying said target base station of handover comprising: 

sending to said target base station of handover a message 
indicative of said reasons of said mobile robustness 
optimization deviation according to LTE X2 Applica 
tion Protocol. 

9. A method for calibrating mobile robustness optimiza 
tion for inter-cell handover, comprising: 

receiving from a source base station of handover a mes 
Sage indicative of reasons of mobile robustness opti 
mization deviation, wherein said mobile robustness 
optimization deviation is detected by said source base 
station by comparing a fluctuation center of an offset 
parameter indicative of a border of a cell-relation and 
a value of said offset parameter enabling handover 
failure ratio to be minimized, wherein said fluctuation 
center is calculated by a source base station in real time 
by monitoring an actual usage trace of said offset 
parameter; and 

calibrating said mobile robustness optimization function 
by: 
adjusting a timing threshold for storing user equipment 

context based on the received reasons of mobile 
robustness optimization deviation, 

increasing said timing threshold for storing user equip 
ment context, if said reasons of said mobile robust 
ness optimization deviation is any of missing too 
early handover events, missing handover to wrong 
cell events, or false recognizing too-late handover 
events, and 

decreasing said timing threshold for storing user equip 
ment context, if said reasons of said mobile robust 
ness optimization deviation is any of missing too 
late handover events, false recognizing too-early 
handover events, or false recognizing handover to 
wrong cell events. 

10. An apparatus for calibrating mobile robustness opti 
mization function for inter-cell handover, comprising: 

calculating unit configured to calculate a fluctuation cen 
ter of an offset parameter, indicative of a border of a 
cell-relation, in real time by monitoring an actual usage 
trace of said offset parameter; 

detecting unit configured to detect mobile robustness 
optimization deviation, wherein said detecting unit is 
configured to: 

compare said fluctuation center of said offset parameter 
indicative of a border of a cell-relation and a value of 
said offset parameter enabling handover failure ratio to 
be minimized to detect mobile robustness optimization 
deviation; 

deduce reasons of said mobile robustness optimization 
deviation based on whether said fluctuation center is 
Smaller or larger than said value of said offset param 
eter, 
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wherein said reasons comprise any of missing too-early 

handover events, missing handover to wrong cell 
events, or false recognizing too-late handover events, if 
said fluctuation center is smaller than said value of said 
offset parameter, and 

wherein said reasons comprise any of missing too-late 
handover events, false recognizing too-early handover 
events, or false recognizing handover to wrong cell 
events, if said fluctuation center is larger than said 
value of said offset parameter; 

calibrating unit configured to calibrate said mobile robust 
ness optimization function by compensating the 
detected mobile robustness optimization deviation. 

11. The apparatus according to claim 10, further compris 
ing: 

calculating unit configured to determine said value of said 
offset parameter enabling said handover failure ratio to 
be minimized by counting said handover failure ratio at 
each enumerated value of said offset parameter. 

12. An apparatus for calibrating mobile robustness opti 
mization function for inter-cell handover, comprising: 

receiving unit configured to receive from a source base 
station of handover a message indicative of reasons of 
mobile robustness optimization deviation, wherein said 
mobile robustness optimization deviation is detected by 
said source base station by: 
comparing a fluctuation center of an offset parameter 

indicative of a border of a cell-relation and a value of 
said offset parameter enabling handover failure ratio 
to be minimized, wherein said fluctuation center is 
calculated by said source base station in real time by 
monitoring an actual usage trace of said offset 
parameter; and 

deducing reasons of said mobile robustness optimiza 
tion deviation based on whether said fluctuation 
center is smaller or larger than said value of said 
offset parameter, 

wherein said reasons comprise any of missing too-early 
handover events, missing handover to wrong cell 
events, or false recognizing too-late handover 
events, if said fluctuation center is smaller than said 
value of said offset parameter, and 

wherein said reasons comprise any of missing too-late 
handover events, false recognizing too-early han 
dover events, or false recognizing handover to wrong 
cell events, if said fluctuation center is larger than 
said value of said offset parameter; and 

calibrating unit configured to calibrate said mobile robust 
ness optimization function by adjusting a timing 
threshold for storing user equipment context based on 
the received reasons of mobile robustness optimization 
deviation. 


